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Implementing exercise in cancer care:
study protocol to evaluate a communitybased exercise program for people
with cancer
Prue Cormie1,2* , Stephanie Lamb3, Robert U. Newton2,4, Lani Valentine3, Sandy McKiernan3, Nigel Spry2,5,6,
David Joseph2,5,6, Dennis R. Taaffe2,7, Christopher M. Doran2,8 and Daniel A. Galvão2

Abstract
Background: Clinical research has established the efficacy of exercise in reducing treatment-related side-effects
and increasing wellbeing in people with cancer. Major oncology organisations have identified the importance of
incorporating exercise in comprehensive cancer care but information regarding effective approaches to translating
evidence into practice is lacking. This paper describes the implementation of a community-based exercise program
for people with cancer and the protocol for program evaluation.
Methods/Design: The Life Now Exercise program is a community-based exercise intervention designed to mitigate
and rehabilitate the adverse effects of cancer and its treatment and improve physical and psychosocial wellbeing in
people with cancer. Involvement in the program is open to people with any diagnosis of cancer who are currently
receiving treatment or within 2 years of completing treatment. The 3-month intervention consists of twice weekly
group-based exercise sessions administered in community exercise clinics under the supervision of exercise physiologists
trained to deliver the program. Evaluation of the program involves measures of uptake, safety, adherence and
effectiveness (including cost effectiveness) as assessed at the completion of the program and 6 months follow-up.
Discussion: To bridge the gap between research and practice, the Life Now Exercise program was designed and
implemented to provide people with cancer access to evidence-based exercise medicine. The framework for program
implementation and evaluation offers insight into the development of feasible, generalizable and sustainable supportive
care services involving exercise. Community-based exercise programs specifically designed for people with cancer are
necessary to facilitate adherence to international guidelines advising patients to participate in high-quality exercise.
Trial Registration: ACTRN12616001669482 (retrospectively registered 5 Dec 2016).
Keywords: Exercise, Physical activity, Cancer survivorship, Supportive care, Translation

Background
Cancer is a leading cause of disease burden worldwide
[1]. The combination of increasing cancer prevalence
and survival rates has led to a large and rapidly growing
population with unique health care requirements [2].
People with cancer experience serious chronic health
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sequelae most commonly fatigue, accelerated functional
decline, pain, psychological distress and a higher risk of
developing comorbid conditions such as cardiovascular
disease, diabetes, osteoporosis and sarcopenia [3–5]. As
a consequence, people with cancer experience considerable morbidity, reduced quality of life and a greater risk
of losing independence as they age, which leads to increased economic burden on health care systems [6].
The observation of significantly higher primary health
care use in people with cancer 2–5 years post diagnosis
compared to age-matched controls supports this
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contention [7]. While advances have been made in care,
current medical and allied health care services are inadequate to address the demand for the management of
chronic and late-appearing effects of cancer and its
treatment [8].
Epidemiological, clinical and laboratory-based research has established appropriate exercise as a safe
and effective medicine for people with cancer which results in improved disease, physical and psychological
outcomes [9–11]. For example, appropriate exercise
prescription has been shown to improve quality of life
across multiple general health and cancer-specific domains,
reduce cancer-related fatigue, alleviate psychological distress and counteract functional declines [11–14]. The
increasing body of evidence has led major health organisations (e.g., American Cancer Society, National
Comprehensive Cancer Network) to recommend exercise as essential for people with cancer [15–17]. Despite
these recommendations which are disseminated by government and non-government cancer organisations
worldwide, the majority of people with cancer do not
participate in appropriate levels of exercise [18–20].
Approximately 50–70% of people with cancer do not
meet weekly recommendations of at least 150 m of
moderately intense aerobic exercise [18–21]. While
guidelines recommend moderate intensity muscle
strengthening exercises involving all major muscle
groups to be performed at least two times per week,
data in adults without cancer suggest that only ~15% of
adults ≥45 years meet resistance exercise guidelines
[21–23]. Minimal information currently exists regarding the prevalence of resistance exercise amongst
people with cancer, however, a recent report suggests
approximately 12% of men with prostate cancer met
the resistance exercise guidelines [21]. People with cancer
have indicated a willingness and desire to participate in
appropriately designed and delivered exercise programs
[24, 25]. However, inactivity data relating to both aerobic
and resistance exercise modalities indicates that current
supportive care services are ineffective in providing access
to appropriate exercise programs for people with cancer
and promoting long-term exercise adherence [18–23].
Despite the established benefits of exercise for people
with cancer and calls to include exercise as a component
of comprehensive cancer care [26], translation strategies
for the integration of efficacious exercise programs into
routine cancer care are limited. There is a clear paucity of
research investigating the design and implementation of
exercise programs that are accessible and generalizable to
a large proportion of people with cancer (i.e., administered
in a standard supportive care setting). The purpose of this
paper is to describe the implementation of a communitybased exercise program for people with cancer and the
protocol for program evaluation.
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Methods/Design
An effectiveness/pragmatic study design was applied to
examine the implementation of an exercise program for
people with cancer in a real-world, standard practice
setting [27]. This approach was adopted to account for
external patient-, health professional- and health
system-factors that may influence the magnitude of effect observed when exercise interventions are delivered
in standard practice settings (i.e., not highly controlled
research trials). Thus, to ensure high external validity,
broad inclusion criteria and few exclusion criteria were
applied and the exercise intervention was delivered in
circumstances that reflect routine practice.

Program design

The Life Now Exercise program is a community-based
exercise intervention designed to mitigate and rehabilitate the adverse effects of cancer and its treatment and
improve physical and psychosocial wellbeing in people
with cancer. The mandate of the program is to provide
people with cancer access to a cancer-specific exercise
program delivered using evidence-based practice. An
additional goal of the program is building capacity of
exercise physiologists to provide best practice exercise
prescription and supervision to people with cancer. Implementation of the program is driven by international
guidelines recommending high quality exercise for all
people with cancer and the failure of existing resources
to engage patients in such behaviour.
The program is administered throughout Western
Australia by Cancer Council Western Australia, a state
based not-for-profit cancer organisation. Community
donations provided to the organisation funds the program which is subsidised for participants so that they
can complete the 3-month intervention at no personal
financial cost. The program is delivered at a range of
community based exercise clinics (typically ~10 per
year) that span metropolitan and regional areas of Western
Australia. The program operates over three terms per year,
catering for up to 150 participants each term (typically
~80–120 participants/term).
A series of elements were developed to support the implementation of the Life Now Exercise program. These
include processes for identifying suitable communitybased sites, establishing formal agreements with each
site, training and supporting exercise physiologists to
deliver the program as designed, engaging people with
cancer to participate in the program, screening participants to ensure their health status is adequate to exercise safely in the program environment, and program
evaluation (Fig. 1). This framework was developed to facilitate sustainable adoption and maximise generalizability
beyond a single state-based supportive care program.
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Fig. 1 Process for program implementation and evaluation

Participants

People with any diagnosis of cancer who are currently
receiving treatment or within 2 years of completing
treatment for cancer are eligible to participate. Exclusion
criteria are applied to minimise risk of harm associated
with program participation, these are: 1) neutropenia; 2)
severe anaemia; 3) bone metastases; or 4) any musculoskeletal, cardiovascular or neurological disorder that
could place the participant at risk of injury or illness
resulting from the exercise program (as determined by
the patient’s physician). No age restrictions are applied
but people with cancer are required to obtain physician
consent prior to participating in the Life Now Exercise
program. Carers of eligible participants are permitted to
concurrently attend the program.
Potential participants are required to self-enrol in the
Life Now Exercise program by telephoning the Cancer
Council Western Australia. Multiple approaches are
adopted to raise awareness of the program including:
education for oncology clinicians and support staff to facilitate direct referral of patients; distribution of program
flyers at hospitals, cancer centres and community-based
organisations as well as health professional and patient
events; email and mail out communications to people

who have contacted Cancer Council WA and expressed
interest in exercise; advertisement and coverage in local
media; and information provided on the Cancer Council
Western Australia website and social media accounts.
People with cancer who register are mailed an information package containing resources, screening documentation and contact details of the relevant program site. If
the number of registrants exceeds the capacity of a site,
participants are placed on a wait list for the next term of
the program.
The program evaluation protocol was approved by the
Edith Cowan University Human Research Ethics Committee (ID: 6192) and all participants involved in the
evaluation provided written informed consent.
Exercise intervention

The Life Now Exercise program intervention was designed in accordance with international guidelines for
best practice exercise prescription for people with cancer
[15–17]. In order to facilitate widespread participation of
people with cancer, specific consideration was given to
the balance between maximising: 1) physiological and
psychosocial benefits; 2) accessibility of the program;
and 3) long-term feasibility of the program. As such, the
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intervention consists of a pre- and post- program individual exercise physiologist consultation and 3 months
of twice weekly group-based exercise sessions administered in community exercise clinics under the supervision of exercise physiologists specifically trained to
deliver the Life Now Exercise program. No formal
intervention was provided after the completion of the
3-month Life Now Exercise program however, participants could continue to access the same exercise
clinic/fitness centre/gym on an ongoing basis using the
standard user-pays model.
Individual consultations

Prior to commencing the program, each participant receives a one-on-one consultation with the exercise
physiologist lasting approximately 1 h in duration. This
consultation involves screening of health status and initial assessment in order to individualise the exercise prescription to their specific needs according to their
cancer site, stage and treatment history, severity of any
symptoms/side effects, as well as general health history,
physical abilities and personal preferences. Each participant’s exercise prescription is designed to provide optimal
stimulus to the cardiorespiratory and neuromuscular systems while maximising safety, compliance and retention.
Following completion of the program, participants receive
a second individual consultation. The intention of this service is to conduct assessments and report progress since
initiating the program, discuss strategies to continue
exercising after the program and develop a plan to
maintain positive exercise behaviour long-term. The
cost of these consultations is subsidised through the
Australian public health system (Medicare) Chronic
Disease Management plan.
Group exercise sessions

Twice weekly exercise sessions are conducted in groups
of approximately 10 participants under the supervision
of an accredited exercise physiologist. The maximum
number of participants per group is 15–20 (site
dependent) and the groups are administered with an exercise physiologist to participant ratio of up to 1:10.
These sessions are delivered in community based exercise clinics, fitness centres and gym facilities. The sessions last approximately 1 h in duration and consist of a
combination of moderate to high intensity aerobic and
resistance exercise as well as flexibility exercises. The
aerobic exercise component includes 20 to 30 min of at
least moderate intensity cardiovascular exercise using a
variety of modes such as walking or jogging on a treadmill, cycling or rowing on a stationary ergometer. The
target intensity is between 60 to 85% of estimated heart
rate maximum. The resistance exercise component involves 6 to 10 exercises that target the major upper and
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lower body muscle groups (e.g., leg press, leg extension,
leg curl, calf raise, chest press, lat pulldown, bicep curl,
tricep extension). Target intensity is manipulated from 6
to 12 repetition maximum (RM; i.e., the maximal weight
that can be lifted 6 to 12 times which is equivalent to
~60–85% of 1RM) using 1–4 sets per exercise. Resistance exercise selection is individually prescribed. The
flexibility component involves approximately 5 min of
stretching of the major muscle groups for 15–30 s duration each. Exercise prescription is progressive and
modified according to individual response. Session ratings of perceived exertion (RPE) are recorded after the
completion of each exercise session to monitor the perceived intensity of the exercise using the 6–20 Borg
scale [28]. The target session RPE range is 12–16 [15].
Participants are encouraged to undertake additional
home-based aerobic exercise with the goal of achieving
a total of at least 150 min of moderate intensity aerobic
exercise each week (accumulated through the combination of clinic- and home-based sessions). Participants
are provided with a logbook to help monitor their
home-based exercise levels but these data are not collected or analysed.
Exercise physiologist training program

Exercise physiologists delivering the Life Now Exercise
program undergo a formal training course titled the
Life Now Instructor Course. The course is designed to
provide the knowledge and skills required to apply evidence based practice for people with cancer. The
course involves a theory component consisting of
approximately 10 h of online course material and a
practical component consisting of an 8-h workshop.
The Life Now Instructor Course is an accredited continuing education program with Exercise and Sports
Science Australia which is Australia’s peak professional
body for exercise science. Of note, accredited exercise
physiologists in Australia are required to complete a
4 year tertiary degree in clinical exercise physiology and
maintain accreditation through meeting annual professional development requirements. Only accredited exercise physiologists have the provider status to enable
Medicare rebate for the individual consultations involved with the Life Now Exercise program.
Behaviour change theory

The exercise intervention is theoretically underpinned
by the Theory of Planned Behaviour [29], the most
widely used theory of exercise motivation for people
with cancer [30]. As such, in addition to technical exercise instruction, exercise physiologists provide education
and advice designed to change attitudes towards exercise
(i.e., instrumental attitude, perceived benefits of performing exercise) and modify exercise beliefs (i.e.,
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control beliefs, perceived factors that facilitate exercise
behaviour) through increasing knowledge, promoting
self-efficacy and assisting participants overcome barriers
to exercise. This education is delivered throughout the
individual consultations and group-based exercise sessions. Specific cancer education seminars are regularly
delivered alongside the Life Now program by Cancer
Council Western Australia but these sessions aren’t included as part of the program (i.e., isn’t a requirement
for participants to attend).
Evaluation

Evaluation of the Life Now Exercise program involves
measures of uptake, safety, adherence and effectiveness
of the program. These analyses incorporate elements
of the RE-AIM (reach, effectiveness, adoption, implementation and maintenance) framework [31]. Evaluation of the effectiveness of the program involves
comparisons among pre-program, post-program and
6 months follow-up assessments. The evaluation will
be undertaken on a sample of 600 people with cancer
participating in the program (refer sample size calculations below) with data collection initiating in 2011 and
proceeding until the target sample size is achieved.
Uptake

The proportion of people who participate in the Life Now
Exercise program from those eligible people with cancer
in Western Australia will be reported as the participation
rate. People with cancer who register for the program but
do not commence participation in the program will also
be reported. The representativeness of participants will be
determined by comparing demographic and clinical characteristics to people diagnosed with cancer in Western
Australia. Information about cancer diagnoses will be
derived from the Western Australia Cancer Registry (Department of Health, Government of Western Australia;
www.health.wa.gov.au/wacr).
Safety

The incidence and severity of any adverse events (e.g.,
fall, muscle strain) that occur during the clinic based
sessions is monitored and reported by the supervising
exercise physiologist using program specific documentation. Additionally, participants self-report incidence and
severity of any adverse events they experience during the
clinic- and home-based exercise using program specific
documentation.
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questionnaires will be reported. Compliance to the Life
Now Exercise program procedures by exercise physiologists at each site is monitored through evaluation of program documentation (e.g., screening, assessment and
exercise prescription documents).
Effectiveness-objective assessments

Objective measurements of physical function, resting
blood pressure, height, weight, waist and hip circumferences occurs for all participants at pre- and postprogram time points. Physical function is assessed using
the 400 metre walk and repeated chair rise tests with
lower time taken to complete the tests representing
higher functional performance. As a measure of cardiovascular fitness, peak oxygen consumption (VO2peak) is
estimated from the 400 metre walk test time and heart
rate response [32]. A validated oscillometric device or
sphygmomanometer is used to record resting brachial
blood pressure. Circumferences are measured using a
constant tension anthropometric tape in accordance to
standard protocols. These assessments are performed in
triplicate with the exception of the 400 metre walk test.
These assessments are conducted by the same exercise
physiologist administering the exercise intervention.
A sub-set of participants willing to attend a tertiary assessment centre complete additional objective assessments to evaluate further components of functional
capacity [33]. Involvement in the additional assessments
is open to any participant willing to attend an additional
testing session and as such, evaluation of these endpoints will be exploratory. Maximal strength of the
lower and upper body is determined using the 1RM in
the leg press, chest press and seated row exercises. Usual
and fast pace 6 metre walks evaluate ambulatory ability
while the 6 metre backwards walk is used to assess dynamic balance. Static balance is determined using the
sensory organisation test performed on a Neurocom
Smart Balancemaster (Neurocom, OR, USA). Body composition and bone health are derived from dual-energy
X-ray absorptiometry (DXA; Hologic Discovery A, MA,
USA). Regional and whole body lean mass and fat mass
as well as trunk adiposity, visceral fat and adipose indices are assessed using whole body DXA scans. Areal
bone mineral density of the hip (total hip) and lumbar
spine (L2–4) as well as whole body bone mineral content
is measured by DXA using standard procedures. These
assessments are conducted by an independent research
assistant not involved with administering the exercise
intervention.

Adherence

Attendance at clinic-based exercise sessions and the reason for any missed sessions is tracked throughout the
program. Completion of assessments at pre- and postprogram time points as well as 6 months follow-up

Effectiveness-patient reported outcomes

A series of questionnaires with sound psychometric
properties are utilised to assess general health and cancer specific quality of life, cancer-related fatigue,
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psychological distress, and exercise behaviour and motivation. Evaluation of patient reported outcomes occurs
across all time points. The Medical Outcomes Study 36Item Short-Form Health Survey (SF-36) is used to assess
general health-related quality of life status across physical functioning, physical role functioning, bodily pain,
general health, vitality, social functioning, emotional role
functioning and mental health domains (higher scores
represent greater quality of life) [34]. Cancer specific
quality of life is evaluated by the European Organisation
for Research and Treatment of Cancer (QLQ-C-30)
questionnaire [35]. The QLQ-C-30 questionnaire includes five functional domains (physical, role, cognitive,
emotional and social; higher scores represent greater
function/quality of life) and three symptom scales (fatigue, pain and nausea; lower scores represent greater
quality of life/less symptom severity). Cancer-related fatigue is assessed using the Functional Assessment of
Chronic Illness Therapy-Fatigue (FACIT-Fatigue) scale
(higher scores indicate less fatigue) [36]. The Brief
Symptom Inventory-18 (BSI-18) is used to evaluate psychological distress across the domains of depression,
anxiety, somatization and global distress severity (lower
scores represent less distress) [37]. Self-reported exercise
levels are assessed by the Godin Leisure-Time Exercise
Questionnaire modified to include participation in resistance exercise [38]. Determinants of exercise motivation
are derived from the Theory of Planned Behaviour and
assessed using validated questionnaires. The Theory of
Planned Behaviour constructs (attitude, subjective norm,
perceived behavioural control and intention) are
assessed in accordance with established guidelines [29].
Participants complete these questionnaires independently at a location of their selection outside the exercise
facility they attend the Life Now Exercise program at.
Cost effectiveness

Cost-effectiveness of the Life Now Exercise program will
be evaluated using the ACE-Prevention methodology.
These methods are international best-practice for costeffectiveness analyses in health care and include: adoption of a social perspective; transparent and scientific
methods to identify, measure and value both costs and
outcomes from the trial; modelling and uncertainty testing of epidemiological and costing input parameters;
and, interpretation of results within a broader decisionmaking framework [39]. The cost-effectiveness analysis
will model costs and outcomes for the duration of the
trial and for a 10-year period, discounting future costs
and health outcomes at a rate of 3% per year. The costs
and health outcomes will be summed to determine the
incremental cost-effectiveness ratio (ICER) in dollars per
quality adjusted life years (QALY) gained. QALYs will be
derived from the SF-6D utility index score obtained
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from the SF-36 using standard methods [40]. Monte
Carlo analysis will be used to derive 95% uncertainty intervals for all outcomes and to determine the probability of
intervention cost-effectiveness against a cost-effectiveness
threshold of $50,000 per QALY. ICER results will be displayed on a cost-effectiveness plane with affordability
issues addressed in an acceptability curve. The results of
the cost-effectiveness analysis will be considered in the
context of other decision making criteria including:
strength of evidence; capacity of the intervention to reduce inequity; acceptability to stakeholders; feasibility; sustainability; and potential for other consequences.
Statistical analyses

Data will be analysed using an intention-to-treat approach with maximum likelihood imputation of missing
values. Analyses will include standard descriptive statistics, Student’s t-tests, chi-square, correlation, regression
and repeated measures ANOVA (or ANCOVA as appropriate) to examine differences over time. Clinically relevant covariates will be included in analyses. Sub-group
analyses based on cancer site and anti-cancer treatment
status will be conducted. Investigations into responders
and non-responders will be conducted to explore heterogeneity of intervention effect.
Sample size calculations were based on having sufficient power to detect a small effect (d = 0.02) in study
endpoints. Given the number of planned assessments,
correction for multiple testing is required. An alpha level
of 0.001 was applied which provides adjustment for up
to 50 tests. A priori, 420 participants are required to
achieve 80% power at an alpha level of 0.001 (two tailed)
to demonstrate a mean paired difference of d = 0.02
from pre- to post-program. To ensure sufficient participant numbers at the completion of the Life Now Exercise program, sample size calculations accounted for a
30% attrition rate. Thus the evaluation will be conducted
on a sample size of 600 participants.

Discussion
Clinical research has established appropriate exercise as an
effective adjunct therapy for people with cancer [9–11, 15],
oncology organisations have identified the importance of
incorporating exercise in cancer care [15–17] and people
with cancer have indicated their wish to participate in
appropriately designed and delivered exercise programs
[24, 25]. However, information regarding effective approaches to incorporate exercise into routine care is
limited. A major challenge is to translate knowledge of
efficacious exercise interventions into practice with
feasible, scalable and sustainable programs that are
generalizable for all people with cancer. The Life Now
Exercise program has been developed to bridge the gap
between research and practice, and generate data to
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help guide implementation strategies/models for the integration of exercise in the cancer care paradigm.
Research involving people with cancer has demonstrated that motivational outcomes are strong predictors
of exercise behaviour [30]. Thus the design of the Life
Now Exercise program is theoretically based on the determinants of exercise motivation and behaviour among
people with cancer. The most widely used theoretical
model in cancer (Theory of Planned Behaviour; TPB)
suggests that people with cancer will intend and be motivated to exercise when they: 1) view it positively; 2)
believe that people important to them think they
should exercise; and 3) believe that exercise is under
their control and they are able to perform exercise [29].
Constructs of the TPB have been reported as statistically significant predictors of the intention to participate in exercise [41, 42] and to significantly predict
program attendance [42], although the strength of these
predictions are moderate [43]. While limited information
exists about how to use these constructs to develop interventions that enhance positive exercise behaviours,
current knowledge suggests that addressing patients
attitudes towards exercise, their subjective norm and
perceived behavioural control are critical components
of an effective exercise program [30]. Additionally, social support/social connectedness provided by bringing
together peers has been identified as a key determinant
of adherence to exercise programs and represents another component critical to the design of effective exercise programs [30, 44]. Furthermore, investigation of
barriers to exercise among people with cancer has identified a variety, most common of which are disease
specific (e.g., treatment-related side effects, especially
fatigue) and factors common to non-cancer adults (e.g.,
time constraints, distance/travel time, weather extremes). Additional barriers include issues such as lack
of facilities for people with cancer and safety concerns
[24, 25]. Commonly identified facilitators of exercise in
people with cancer include appropriate supervision,
group based but individually tailored and gradually progressed exercise prescription [24, 25, 45]. The inclusion
of feedback and approval from their oncologist or general physician were factors also identified to facilitate
continued exercise participation [24, 25]. Application of
the TPB constructs and common exercise barriers and
facilitators led to program components within the Life
Now Exercise program. Specifically, requiring the endorsement of oncology specialist or general physician for
participation in the intervention underscores the positive
value of exercise behaviour and indicates their support for
exercise (as well as screening for contraindications to exercise). Upskilling of exercise physiologists allows for targeted education of patients, the ability to tailor the
exercise prescription and progression to each individual
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and modify the prescription to manage treatment-related
side effects, all of which helps allay potential concerns
about safety of the intervention. Administration of the
exercise program within local community-based exercise clinics enhances patients’ perceived behavioural
control and limits common barriers of distance from
and travel time to exercise facilities. The positive atmosphere of this environment coupled with the groupbased setting may also contribute to enhanced affective
attitude and subjective norm within people with cancer.
Furthermore, the social support and connectedness
provided by bringing together a group of people with
the shared experience of cancer may facilitate adherence to the program and continuation of positive exercise behaviours longer-term. The incorporation of
program elements addressing constructs of behaviour
change theory, barriers and facilitators to exercise,
combined with exercise physiologists’ use of evidence
based practice, is designed to maximise engagement of,
and potential benefits to, people with cancer.
Information arising from the implementation of the
Life Now Exercise program extends existing reports of
community-based exercise programs for people with
cancer designed for ongoing operation [46–49]. The
‘Livestrong at the YMCA’ program operates at over 400
sites throughout America [50]. The program involves
12 weeks of twice weekly group based exercise sessions
administered at YMCA facilities by personal trainers and
the benefits of participation have been reported on a
sample of 187 participants [47]. The ‘FitSTEPS for Life’
program operates across various community based exercise sites (e.g., community centres, churches, health centres) in Texas, USA where people with cancer receive an
individualised exercise plan and are provided access to
ongoing exercise supervision [51]. Improvements in a
range of quality of life domains were observed following
2 years of involvement in the program on a sample of
177 participants [46]. Cancer specific community-based
exercise programs have also been developed in Canada.
The ‘CanWell’ program is a 12-week exercise (two supervised sessions weekly) and education program administered by staff trained in program delivery at a YMCA
facility in Ontario. Evaluation of a sample of 65 participants demonstrated improvements in quality of life and
physical function at the completion of the program [49].
The BEAUTY program (Breast cancer patients Engaging
in Activity while Undergoing Treatment) is a 12-week
program involving twice weekly group based exercise
sessions and biweekly education sessions delivered by
certified exercise physiologists at a single tertiary exercise facility in Alberta [52]. Evaluation was undertaken
on a sample of 80 patients which demonstrated safety
but no clinically significant improvements following program completion (possibly associated with the low
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attendance rate of ~30%) [48]. These data provide promising initial evidence of the effectiveness of cancer specific exercise programs implemented in the community
but significant continued effort is required to increase
knowledge translation and implementation approaches.
Evaluation of the Life Now Exercise program extends
existing reports by assessing the effectiveness of a
community-based exercise program in the largest sample of people with cancer to date (n = 600) using a comprehensive suite of assessments. The sample size and
inclusive participant criterial allows for sub-group analyses which may provide insight into how people with
different cancer types and treatment status respond to
exercise. Importantly, examination of which participants do and don’t respond to exercise will provide
novel information regarding demographic, clinical, motivational and other characteristics/factors that influence the response to exercise in people with cancer.
Further to this, the evaluation will provide insight into
what kind of participants engage in a community-based
exercise program which may help inform future work
to target people with cancer who require additional
stimulus to engage in positive exercise behaviours.
Examination of the cost-effectiveness of the program
represents a unique addition to the literature and significant advance in current knowledge regarding the
potential value of cancer-specific exercise interventions
to the health system. Additionally, detailed reporting of
the elements contributing to the design and implementation of the Life Now Exercise program may help inform
the development of feasible, effective and sustainable supportive care exercise services. Collectively this information
will help guide future research and translational work
addressing the low levels of exercise behaviour in
people with cancer.
There are important limitations to note in the design
and evaluation of the Life Now Exercise program. As
participants self-enrol into the program they will have a
level of motivation to undertake exercise that may not
be representative of all people with cancer. Integrating
systematic referral of all people with cancer through
oncology departments and treatment centres is not
possible within the scope of this study. While program
sites span metropolitan and regional areas, the program
is implemented in Western Australia only and limited
to the context of the Australian health care system.
Program participation is funded by Cancer Council
Western Australia so as to be delivered at no cost to
people with cancer. These factors may limit the
generalizability for implementation as an on-going program in other settings. Evaluation of the program is
limited by the single-group design which precludes
appraisal against a comparable sample of people with
cancer. Evaluation is also limited by the reliance on

Page 8 of 10

community-based health professionals to administer assessments and return program documentation to the
research team. Assessor bias cannot be ruled out as the
same health professional who delivered the intervention
administered the objective assessments (note: patient
reported outcomes were conducted independently by
the participant). The potential influence of social support on exercise motivation and behaviour may not be
adequately assessed by domains of the Theory of
Planned Behaviour questionnaire. These limitations are
offset by strengths to the implementation and evaluation of the Life Now Exercise program. The program
incorporates theory based behaviour change strategies
and applies evidence based practice in the delivery of
exercise to people with cancer. External validity of the
program is supported by the implementation within a
community-based setting to people with any diagnosis
of cancer. This is further enhanced by administering
the program as a “real-world” intervention delivered in
a standard supportive care service setting. Evaluation of
the program is guided by the RE-AIM framework and
includes a robust suite of endpoints.
There is a dearth of knowledge regarding effective approaches of translating exercise oncology evidence into
cancer care. To bridge the gap between research and
practice, the Life Now Exercise program was designed
and implemented to provide people with cancer access
to evidence based exercise medicine. The framework
for program implementation and evaluation offers
insight into the development of feasible, sustainable
and potentially effective supportive care services involving exercise. Effective community-based exercise programs specifically designed for people with cancer may
help reduce the disease burden of cancer and improve
the health and wellbeing of people with cancer through
increased adherence with exercise guidelines.
Abbreviations
BSI-18: Brief Symptom Inventory-18; DXA dual: energy X-ray absorptiometry;
FACIT-Fatigue: Functional Assessment of Chronic Illness Therapy-Fatigue;
ICER: Incremental cost-effectiveness ratio; QALY: quality adjusted life years;
QLQ-C-30: European Organisation for Research and Treatment of Cancer;
RE-AIM: Reach, effectiveness, adoption, implementation and maintenance;
RM: Repetition maximum; RPE: Ratings of perceived exertion; SF-36: Medical
Outcomes Study 36-Item Short-Form Health Survey; TPB: Theory of Planned
Behaviour; VO2peak: Peak oxygen consumption; YMCA: Young Men’s
Christian Association
Acknowledgements
We gratefully acknowledge the contribution of all those involved with
implementing and evaluating the Life Now Exercise program including
staff at Cancer Council Western Australia, Edith Cowan University and all
Life Now Exercise sites. We specifically recognise the contribution of
exercise physiologists Lauren Anderson, Chris Andrew, Tenielle Bevan,
Chelsea Boyanich, Ben Clune, Mary Cornelius, James Cunning, Carl Della,
Katherine Donegan, Charlotte Duhig, Sean Easther, Darius Eshete, Allan
Gell, Natalie Hancock, Courtney Ishiguchi, Clinton Joynes, Greg Levin, Kristy
Maples, Margaret Rhodes, Sandi Robinson, Alex Skinner, Kyle Smith, Todd
Teakle, Mark Trevaskis and Kelly Vibert.

Cormie et al. BMC Cancer (2017) 17:103

Funding
No external funding was received for this study.
Availability of data and material
Data sharing is not applicable to this article as no datasets were generated
or analysed (i.e., study protocol paper). Material developed to support this
study is available from the corresponding author on reasonable request.
Authors’ contributions
PC, RUN, SM, NS and DAG developed the study concept and protocol.
SL, LV, DJ, DRT and CMD assisted in further development of the protocol.
All authors will oversee the implementation of the protocol and contribute
to the acquisition, analysis and interpretation of data. PC drafted the
manuscript, all authors contributed to revisions and all authors approved
the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
This project was approved by the Edith Cowan University Human Research Ethics
Committee (ID: 6192) and all participants provided written informed consent.
Author details
1
Institute for Health and Ageing, Australian Catholic University, Level 6, 215
Spring Street, Melbourne, VIC 3000, Australia. 2Exercise Medicine Research
Institute, Edith Cowan University, Perth, WA, Australia. 3Cancer Council
Western Australia, Perth, WA, Australia. 4University of Queensland Centre for
Clinical Research, Brisbane, QLD, Australia. 5Cancer Centre, Sir Charles
Gairdner Hospital, Perth, WA, Australia. 6Faculty of Medicine, University of
Western Australia, Perth, WA, Australia. 7School of Medicine, University of
Wollongong, Wollongong, NSW, Australia. 8School Human Health and Social
Sciences, Central Queensland University, Brisbane, QLD, Australia.
Received: 6 October 2015 Accepted: 27 January 2017

References
1. Stewart BW, Wild CP, editors. World Cancer Report 2014: International
Agency for Research on Cancer, World Health Organisation. 2014.
2. Australian Institute of Health and Welfare & Australasian Association of
Cancer Registries. Cancer in Australia: an overview 2012. In: Cancer series no.
74, Cat. no. CAN 70. Canberra: AIHW; 2012.
3. Pachman DR, Barton DL, Swetz KM, Loprinzi CL. Troublesome Symptoms in
Cancer Survivors: Fatigue, Insomnia, Neuropathy, and Pain. J Clin Oncol.
2012;30(30):3687–96.
4. Bower JE. Behavioral symptoms in patients with breast cancer and survivors.
J Clin Oncol. 2008;26(5):768–77.
5. Collier A, Ghosh S, McGlynn B, Hollins G. Prostate cancer, androgen
deprivation therapy, obesity, the metabolic syndrome, type 2 diabetes, and
cardiovascular disease: a review. Am J Clin Oncol. 2012;35(5):504–9.
6. Yabroff KR, Lamont EB, Mariotto A, Warren JL, Topor M, Meekins A, Brown
ML. Cost of care for elderly cancer patients in the United States. J Natl
Cancer Inst. 2008;100(9):630–41.
7. Heins M, Schellevis F, Rijken M, van der Hoek L, Korevaar J. Determinants of
increased primary health care use in cancer survivors. J Clin Oncol. 2012;
30(33):4155–60.
8. Ganz PA, Earle CC, Goodwin PJ. Update on Progress in Cancer Survivorship
Care and Research. J Clin Oncol. 2012;30(30):3655–6.
9. Courneya KS, Friedenreich CM, editors. Physical Activity and Cancer. London:
Springer; 2011.
10. Ballard-Barbash R, Friedenreich CM, Courneya KS, Siddiqi SM, McTiernan A,
Alfano CM. Physical Activity, Biomarkers, and Disease Outcomes in Cancer
Survivors: A Systematic Review. J Natl Cancer Inst. 2012;104(11):815–40.
11. Mishra SI, Scherer RW, Geigle PM, Berlanstein DR, Topaloglu O, Gotay CC,
Snyder C. Exercise interventions on health-related quality of life for cancer
survivors. Cochrane Database Syst Rev. 2012;8:CD007566.

Page 9 of 10

12. Cramp F, Daniel J. Exercise for the management of cancer-related fatigue in
adults. Cochrane Database Syst Rev. 2010;CD006145(2):1–37.
13. Craft LL, Vaniterson EH, Helenowski IB, Rademaker AW, Courneya KS. Exercise
effects on depressive symptoms in cancer survivors: a systematic review and
meta-analysis. Cancer Epidemiol Biomarkers Prev. 2012;21(1):3–19.
14. Liu CJ, Latham NK. Progressive resistance strength training for improving
physical function in older adults. Cochrane Database Syst Rev. 2009;3:267.
15. Schmitz KH, Courneya KS, Matthews C, Demark-Wahnefried W, Galvao DA,
Pinto BM, Irwin ML, Wolin KY, Segal RJ, Lucia A, et al. American College of
Sports Medicine roundtable on exercise guidelines for cancer survivors. Med
Sci Sports Exerc. 2010;42(7):1409–26.
16. Rock CL, Doyle C, Demark-Wahnefried W, Meyerhardt J, Courneya KS,
Schwartz AL, Bandera EV, Hamilton KK, Grant B, McCullough M, et al.
Nutrition and physical activity guidelines for cancer survivors. CA Cancer J
Clin. 2012;62(4):242–74.
17. Denlinger CS, Ligibel JA, Are M, Baker KS, Demark-Wahnefried W, Dizon D,
Friedman DL, Goldman M, Jones L, King A, et al. Survivorship: healthy
lifestyles, version 2.2014. J Natl Compr Canc Netw. 2014;12(9):1222–37.
18. Eakin EG, Youlden DR, Baade PD, Lawler SP, Reeves MM, Heyworth JS,
Fritschi L. Health behaviors of cancer survivors: data from an Australian
population-based survey. Cancer Causes Control. 2007;18(8):881–94.
19. Blanchard CM, Courneya KS, Stein K. Cancer survivors’ adherence to lifestyle
behavior recommendations and associations with health-related quality of
life: results from the American Cancer Society’s SCS-II. J Clin Oncol. 2008;
26(13):2198–204.
20. Bellizzi KM, Rowland JH, Jeffery DD, McNeel T. Health behaviors of cancer
survivors: examining opportunities for cancer control intervention. J Clin
Oncol. 2005;23(34):8884–93.
21. Galvao DA, Newton RU, Gardiner RA, Girgis A, Lepore SJ, Stiller A, Occhipinti S,
Chambers SK: Compliance to exercise-oncology guidelines in prostate cancer
survivors and associations with psychological distress, unmet supportive care
needs, and quality of life. Psychooncology 2015, [Epub ahead of print].
22. Humphries B, Duncan MJ, Mummery WK. Prevalence and correlates of
resistance training in a regional Australian population. Br J Sports Med.
2010;44(9):653–6.
23. National Center for Chronic Disease Prevention and Health Promotion.
Trends in strength training-United States, 1998–2004. MMWR Morb Mortal
Wkly Rep. 2006;55(28):769–72.
24. Blaney JM, Lowe-Strong A, Rankin-Watt J, Campbell A, Gracey JH. Cancer
survivors’ exercise barriers, facilitators and preferences in the context of
fatigue, quality of life and physical activity participation: a questionnairesurvey. Psychooncology. 2013;22(1):186–94.
25. Jones LW, Courneya KS. Exercise counseling and programming preferences
of cancer survivors. Cancer Pract. 2002;10(4):208–15.
26. Giovannucci EL. Physical activity as a standard cancer treatment. J Natl
Cancer Inst. 2012;104(11):797–9.
27. Singal AG, Higgins PD, Waljee AK. A primer on effectiveness and efficacy
trials. Clin Transl Gastroenterol. 2014;5:e45.
28. Borg G. Borg’s Perceived Exertion and Pain Scales. Champaign: Human
Kinetics; 1998.
29. Ajzen I. The theory of planned behavior. Orgn Behav Hum Dec Processes.
1991;50:179–211.
30. Pinto BM, Ciccolo JT. Physical activity motivation and cancer survivorship. In:
Courneya KS, Friedenreich CM, editors. Physical Activity and Cancer. London:
Springer; 2011. p. 367–87.
31. Glasgow RE, Vogt TM, Boles SM. Evaluating the public health impact of
health promotion interventions: the RE-AIM framework. Am J Public Health.
1999;89(9):1322–7.
32. Simonsick EM, Fan E, Fleg JL. Estimating cardiorespiratory fitness in wellfunctioning older adults: treadmill validation of the long distance corridor
walk. J Am Geriatr Soc. 2006;54(1):127–32.
33. Galvao DA, Taaffe DR, Spry N, Joseph D, Newton RU. Combined resistance
and aerobic exercise program reverses muscle loss in men undergoing
androgen suppression therapy for prostate cancer without bone
metastases: a randomized controlled trial. J Clin Oncol. 2010;28(2):340–7.
34. Ware Jr JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-36).
I. Conceptual framework and item selection. Med Care. 1992;30(6):473–83.
35. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, Filiberti A,
Flechtner H, Fleishman SB, de Haes JC, et al. The European Organization for
Research and Treatment of Cancer QLQ-C30: a quality-of-life instrument for use
in international clinical trials in oncology. J Natl Cancer Inst. 1993;85(5):365–76.

Cormie et al. BMC Cancer (2017) 17:103

Page 10 of 10

36. Yellen SB, Cella DF, Webster K, Blendowski C, Kaplan E. Measuring fatigue
and other anemia-related symptoms with the Functional Assessment of
Cancer Therapy (FACT) measurement system. J Pain Symptom Manage.
1997;13(2):63–74.
37. Zabora J, BrintzenhofeSzoc K, Jacobsen P, Curbow B, Piantadosi S, Hooker C,
Owens A, Derogatis L. A new psychosocial screening instrument for use
with cancer patients. Psychosomatics. 2001;42(3):241–6.
38. Jacobs Jr DR, Ainsworth BE, Hartman TJ, Leon AS. A simultaneous evaluation
of 10 commonly used physical activity questionnaires. Med Sci Sports Exerc.
1993;25(1):81–91.
39. Carter R, Vos T, Moodie M, Haby M, Magnus A, Mihalopoulos C. Priority
setting in health: origins, description and application of the Australian
Assessing Cost-Effectiveness initiative. Expert Rev Pharmacoecon Outcomes
Res. 2008;8(6):593–617.
40. Brazier J, Roberts J, Deverill M. The estimation of a preference-based
measure of health from the SF-36. J Health Econ. 2002;21(2):271–92.
41. Jones LW, Guill B, Keir ST, Carter K, Friedman HS, Bigner DD, Reardon DA.
Using the theory of planned behavior to understand the determinants of
exercise intention in patients diagnosed with primary brain cancer.
Psychooncology. 2007;16(3):232–40.
42. Courneya KS, Blanchard CM, Laing DM. Exercise adherence in breast cancer
survivors training for a dragon boat race competition: a preliminary
investigation. Psychooncology. 2001;10(5):444–52.
43. Husebo AM, Dyrstad SM, Soreide JA, Bru E. Predicting exercise adherence in
cancer patients and survivors: a systematic review and meta-analysis of
motivational and behavioural factors. J Clin Nurs. 2013;22(1–2):4–21.
44. Farrance C, Tsofliou F, Clark C. Adherence to community based group
exercise interventions for older people: A mixed-methods systematic review.
Prev Med. 2016;87:155–66.
45. Cormie P, Turner B, Kaczmarek E, Drake D, Chambers SK. A qualitative
exploration of the experiences of men with prostate cancer involved in
supervised exercise programs. Oncol Nurs Forum. 2015;42(1):24–32.
46. Haas BK, Kimmel G, Hermanns M, Deal B. Community-Based FitSTEPS for Life
Exercise Program for Persons With Cancer: 5-Year Evaluation. J Oncol Pract.
2012;8(6):320–4.
47. Rajotte EJ, Yi JC, Baker KS, Gregerson L, Leiserowitz A, Syrjala KL.
Community-based exercise program effectiveness and safety for cancer
survivors. J Cancer Surviv. 2012;6(2):219–28.
48. Leach HJ, Danyluk JM, Nishimura KC, Culos-Reed SN: Evaluation of a
Community-Based Exercise Program for Breast Cancer Patients Undergoing
Treatment. Cancer Nurs 2014, Dec 23 [Epub ahead of print].
49. Cheifetz O, Park Dorsay J, Hladysh G, MacDermid J, Serediuk F, Woodhouse LJ.
CanWell: meeting the psychosocial and exercise needs of cancer survivors by
translating evidence into practice. Psychooncology. 2014;23(2):204–15.
50. Heston AH, Schwartz AL, Justice-Gardiner H, Hohman KH. Addressing
physical activity needs of survivors by developing a community-based
exercise program: LIVESTRONG(R) at the YMCA. Clin J Oncol Nurs. 2015;
19(2):213–7.
51. Haas BK, Kimmel G. Model for a community-based exercise program for
cancer survivors: taking patient care to the next level. J Oncol Pract. 2011;
7(4):252–6.
52. Leach HJ, Danyluk JM, Culos-Reed SN. Design and implementation of a
community-based exercise program for breast cancer patients. Curr Oncol.
2014;21(5):267–71.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

